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NUMBERS OF 2.29, 2.97, AND3.51*

By John G. Presnell, Jr.

SIMMARY

A brief investigation of the longitudinal stability and control
effectiveness at supersonic speeds of a model of a low-wing missile with
interdigitated tail surfaces was made in the Langley Unitary Plan wind
tunnel. The data were obtained at Mach numbers M of 2.29, 2.97, and
3.71 for Reynolds number

z
(based on the ean geometric chord of the wing)

of 1.15 x 106, 1.14 x 10 8, and 1.U x 10 , respectively. Data were
obtained for three settings of the longitudinal control surfaces: with

. deflection of all surfaces, with deflection of the lower surfaces only,
and with all surfaces unreflected. Directional stability data were
obtained at M = 3.51 for angles of attack of approximately 0° and 10°.

* These data, with summa y data snd typical schlieren photographs, sre pre-
sented with only a brief analysis.

The data indicate that the controls are effective throughout the
Machnumber range and lift-coefficient range (~= -0.15 to 0.7, approxi-

mately) of the tests. There is a severe break in the pitching-moment
curve at M = 2.29 which might result in a pitch-up condition in flight,
snd also a large forwsrd movement of the aerodynamic center with increasing
14achnumber that produces neutral.longitudinal stability at M = 3.51 for
the moment center used in this investigation. The model was directionally
unstable at M = 3.51; however, the level of directional stability was
about the same for 0° and 10° angles of attack.

INTRODUCTION

The rmoblen of aerodynsnic control of an air-launched missile that
is to be &rried externalityand yet is large enough to attack and destroy

*

*Title, Unclassified.
u
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primary sea targets and permanent land installations is quite difficult
●

because the size of the control surfaces, if they do not fold, is limited
by the available carriage space under the mother aircraft. Use is made of .
interdigitated tail surfaces since they require less space in the verti.
cal and horizontal.planes than conventional vertical and horizontal tails
with the same surface area.

An investigation of the longitudinal control effectiveness of a
model of a low-wing missile with interdigitated or cruciform tail surfaces
was made in the Langley Unitary Plan wind tunnel at Mach numbers of 2.29,
2.97, and 3.51.

The results of the investigation are presented herein with a brief
evaluation of the drag and longitudinal and lateral stability character-
istics of the model.

SYMBOLS

The stability system of axes to which the results are referenced
and the positive directions of angles, forces, and moments are shown in
figure 1. The deflection of the control surfaces is positive with the
trailing edge of each panel down. Moment coefficients are referred to
the point located at the 0.25 station of the mean geotitric chord of the
wing (moment center shown in fig. 2).

b wing span, in.

E wing mean geometric chord, in.

% lift coefficient, Lift/qS

c1
Rolling moment

rolling-moment coefficient,
qSb

% drag coefficient, Drag/qS

c% base drag coefficient on model

cm

Cn

Pitchingpitching-moment coefficient, moment

qsz

yawing-moment coefficient, ‘awti[s~mnt

Colmlml!rm
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%

%a

%

c%
L/D

M

~

s

X,Y,Z

a

P

5

Side forceside-force coefficient,
qs

acL
lift-curve slope (~ = 00), ~

a%
pitching-moment-curve slope (~ = 00), —

ax

longitudinal WIcontrol-surface effectiveness, —
&

lift-drag ratio, cL/c~

free-stremn Mach number

free-stream dynamic pressure, lb/sq ft

wing area including body intercept, sq ft

stability axes (see fig. 1)

angle of attack referred to fuselage reference line, deg

angle of sideslip referred to fuselage center line, deg

control-panel deflection about control-surface hinge line,
(fig. 2, view A-A)

Subscripts:

t lower

u upper

o value

two control surfaces of interdigitated

two control surfaces of interdigitated

at zero lift condition

tail

tail

deg

Max maximum

min minimum

APPARATUS AND MIDEL

The tests were conducted in the high Mch number test section of
the Lsngley Unitary Plan wind tunnel which is a variable-pressure,
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continuous, return-flow type. The test section is k feet square and
approximately 7 feet in length. The nozzle leading to the test section
is of the asymmetric sliding-block type and the Mach number may be varied “
through a range from approximately M . 2.29 to M = 4.65 without tun-
nel shutdown. Forces and moments on the model were measured by means of
a six-component internal strain-gage balance. This balance was attached
by means of a sting to the model support system. Included in this support
system was remotely operated, adjustable-angle coupling that permitted
tests to be made at variable angles of attack concurrently with varia-
tions in the angle of sideslip.

Details of the model are shown in figure 2 and its geometric charac-
teristics are given in table I. Photographs of the model sre presented
as figure 3. The model has a low wing with an aspect ratio of 1.78, an
NACA 000k airfoil section, and a leading-edge sweepback of 62.1°. The

fuselage is a body of revolution with a relatively hi~ degree of
boattailing.

The interdigitated tail surfaces consist of four identical panels
with modified double-wedge 4-percent-thick airfoil sections, having a

total area of 0.206 square foot and an effective tail length from the
quarter-chord of the wing mean geometric chord to the quarter-chord of
the tail mean geometric chord of 12.18k inches. Positive deflection of
these panels is with trailing edge down.

.

TESTS
.

Tests were made through an angle-of-attack range from approximately
-4° to 21° at 0° angle of sideslip for Mach numbers of 2.29, 2.97, and
3.51, with the control surfaces unreflected, with -5° deflection on all
surfaces, and with only the lower surfaces deflected -5°. For M . 3.51
tests were also made through an angle-of-sideslip range from approxi-
mately -10° to 10° at approximately 0° and 10° angles of attack.

Test conditions of ~ch number, stagnation and dynamic pressures,
and Reynolds number (based on the mean geometric chord of the wing) are
listed in the following table:

Mach number, Stagnation pressure, Dynamic pressuej Reynolds
M lb/sq in. abs lb/sq ft number

2.29 9.6 412 1.15 x 106

2.97 13.5 342 1.14

3.71 17.4 279 1.11

CONFIDENTIAL
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The dewpoint for all tests was maintained below -30° F to prevent
adverse condensation effects. The stagnation temperature was maintained

. at 170° F.

CORRECTIONS AND ACCURACY

The tunnel, as yet, has not been completely calibrated but prelimi-
nary findings of the flow-angularity calibration indicate that the model
experiences upflow of about 0.35° at M . 2.29, 0.20° at M = 2.97, and
O.1OO at M= 3.51. The angularity corrections are not included in the
results presented herein sad should be considered in evaluations of the
drag results and the angle of attack for zero fift conditions. FYessure
gradients in the region of the model have been determined and are suffi-
ciently small to induce negligible buoyancy on the model.

The msximum deviation of local Mach number in the portion of the
tunnel occupied by the model was kO.017 from the average values listed
in the preceding section.

The angles of attack and sideslip have been corrected for deflection
of the balance-sting cmibination under load. The control-surface deflec-
tion angles have not been corrected for surface loads.

The base drag of the model was obtained for all test points and has
been subtracted from the measured total drag. The drag results presented

b
herein have, therefore, been corrected to conditions of free-stream static
pressure at the model base.

The estimated accuracy of the force and moment coefficients, based
on balance calibration and repeatability of the data, is within the fol-
lowing limits:

CL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *O .002

CD. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~.0010

cm. . . . . . . . . . . . . . . . . . , . . . . . . . . . . . to.001

Cn. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . +0.~05

cY*.***~.*-.*.*-**.** ● *.** . .*.*.*0.0015

CONFIDENTIAL
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The results of the investigation =e presented in the following
figures:

Figure
Schlieren photographs of the test model . . . . . . . . . . . . . 4
Variation of base drag coefficient with angle of attack . . . . . 5
Pitch characteristics of the test model . . . . . . .“. . . . . . 6
Summary of pitch characteristics of the test model . . . . . . . 7
Control effectiveness of the test mdiel . . . . . . . . . . . . . 8
Lateral characteristics of the test model at M = 3.51 . . . . ● 9

The lateral coefficients presented do not include the rolling-
tnomentcoefficients because they were not considered valid owing to
mechanical malfunction of the balance during the test.

DISCUSSION

The data indicated that the interdigi.tatedtail surfaces have con-
trol effectiveness ~ throughout the Mach number range (M=2.29t03.51)

and lift-coefficientrange (CL = -0.15 to 0.7, approximately) of the tests. .

With increasing lift coefficient, the lower surfaces gain effectiveness
while the upper surfaces lose effectiveness, as would be expected. For
an increase in lift coefficient from O to 0.5, the complete tail exhibits -
an increase in effectiveness of about 0.001 over the Mach number range
while the lower surfaces alone exhibit an increase varying from 0.0015
atM. 2.29 to 0.0028at M= 3.51. This leads to the conclusion that
with increasing l&ch nuxiberthe rate of loss in effectiveness of the
upper surfaces is offset by an almost eqy.alrate of gain in effective-
ness of the lower surfaces (fig. 8).

The pitch data have two other main points of interest. One of these
is a severe break in the pitching-moment curve at M = 2.29 which might
result in a pitchup condition in flight. This condition seems to be
reduced with increasing Mach number (fig. 7). The other is a very large
forward movement of the aerodynamic center with increase in lkch number
(0.195 tiom M= 2.29 tO M = 3.51) that produces neutral longitudinal
stability at M = 3.51 for the moment center used in this investigation.

The lateral data, taken at M . 3.51 only, show that the model is
directionally unstable (fig. 9). These data also show that angle of
attack has very little effect on the lateral characteristics.
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CONCLUSIONS

An investigation of a model of a low-wing missile with interdigitated
tail surfaces to determine the control effectiveness and stability charac-
teristics has been made at Mach nuuibersof 2.29, 2.97, and 3.51. The
results indicated the following conclusions:

1. The tail surfaces have control effectiveness over the lkch number
range of the tests (M . 2.29 to 3.51). The lower surfaces contribute a
large part of the effectiveness at the higher lift coefficient.

2. The pitch data show a severe break in the pitching-moment curve
at M. 2.29, which might result in a pitch-up condition in flight, and
also show a very large forward movement of the aerodynamic center with
increasing lkch nuber, which produces neutral longitudinal stability at
M = 3.51 for the moment center used in this investigation.

3. The model is directionally unstable at M= 3.51. The level of
directional instability is affected very little by an increase of 10° in
angle of attack.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Lsngley Field, Vs., February 28, 1958.
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TABLE I.- l?EYSICALCEARAC!TERISTICSOF THE MODEL OF A LOW-WING

MISSILE WITH INTERDIGITATED TAIL SURFACES

.

Body:
Length, in......
Maximum dismeter, in.
Moment center (on body

34.56
3.42

17.513
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0.466
0.90

11.311
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0.10
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distance frornnose,-in.
Base area, sq f% . . . . .

wing:
Area, sqft .0 . ... . .
Span, ft . . . . . . . . .
Root chord, in. . . . . .
Tip chord, in. . . . . .
Taper ratio . . . . . . .
Aspect ratio (theoretical)
Mean geometric chord, in.

.

.

●

✎

●

✎

●

✎

✎

●

✎

✎

✎
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✎
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✎
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✎

✎
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1.738
7.609

15.611.Leading edge of M.G.C., distance from nose, in.. .

Airfoil section . . .-. . . . .
Sweepback of leading edge, deg .
Sweepback of qyarter-chord line,
Incidence, deg . . . . . . . . .
Dihedral, deg . . . . . . . . .

Tail surfaces:
Area, each panel, sqft . . . .
Area, total, sqft . . . . . . .
Root chord, in. . . . . . . . .
Tipchord, in. . . . . . . . .
Tamrratio . . . . . . . . . .

.
●

✎

NACA 0004
. . 62.053
. . 54.~
. .
. . 0

. . . . . ● ✎ ✎

..0. . . . . .
deg . . . . . .

. . . .

. . . .
. . . . .
. . . . . .

. . 0.0515

. . 0.206

. . 3.875

. . 0.457

. . 0.118

. ...0

. . . . .

. . . . .

. . . . .

. . . . .

. . . .

. . . .

..0.

.*..

. . . .

.0..

. . . .

As~ect ratio (theoretical,eati-1) . .
Mean geometric chord, in. . . . . . . . .

. . 1.577

.0 2.608

. . 29.045Leading edge of M.G.C. of tail, distance from nose, in
Moment arm of tail, quarter-chord of wing M.G.C.

to qusz’ter-chordof tail M.G.C., in. . . . . . . . .
Tail-surface hinge line, distance from nose, in. . . .

. . 12.184

. . 30.420

Airfoil section;. . ... . . . . . . Modified double-wedge 4~ thick
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Figure 2.- Iktails of a low-wing missile with interdigitated tail
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Q=-q.[” a. 0“

a= 42” ~=8.4°

a=17.2°

(a) M = 2.29.

6
Figure ~.- Schlieren photographs of a low-wing missile

a=21.5°

L-58-158

with interdigi-
‘tated tail surfaces in the Langley Unitsry Plan wind tunnel. j3= 0°.

.
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.

a=-4.1° a=OO

.

.

a=4,1° a= 8.2°

a= [6.8° a=21.0°

(b) M = 2.97. L-58-159

F@.u?e k.- Continued.
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a =-4. [0 a=OO

a=4.2“ a=8.3°

a=17.0e a=21.1°

(c) M= 3.51. L-58-160

Figure 4.- Concluded.
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Figure ~.- Variation of base drag coefficient with angle of atta& for a low-wing missile corL-

figuration with titerdigitated tail surfaces.
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CL

(a) M = 2.29.

Figure 6.- Pitch characteristics of a low-wing missile with titerdigi-
tated tail surfaces. $ = 00.
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(a)

F@ure
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Concluded.

6.- Continued.
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.

CL

(b) M = 2.97. .

Figure 6.- Continued.
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CL

(b) Concluded.

Figure 6.- Contimued.
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(c)

Figure

z .3 .+ a a J a .9

CL

M= 3.51.

6.- Continued.
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CL

(c) Concluded.

Figure 6.- Concluded.



4C NACA RM L58C19 coNmmINTIAL 25

CL
a

Cmc
I

cm.

a0)

cieg

M

.
Figure 7.- Summary of the pitch characteristics of a low-wing missile

tith interdigitated tail surfaces.
8
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CLfor

(b) ma

M-.

Figure 7.- Concluded.
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M

Figure 8.- Effect of lift coefficient cm longitudinal control surface
effectimness of interdigitated tail surfaces on a low-wing missile.
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Figure 9.- Lateral characteristics of a low-wing missile with interdigi-
tated tail surfaces (presented about the stability system of axes).
M = 3.51; 5&z= OO. ‘
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